ABSTRACT Although the use of quicklime (CaO) and tarping are common handling practices aimed at the reuse of litter in the Brazilian poultry industry, few scientific studies have proven the effectiveness of these methods in reducing the pathogenic microbial load during fallowing. The objective of this study was to evaluate the following litter treatments: T1 no treatment (control), T2 quicklime (300 g m −2 ), T3 tarping, T4 tarping + quicklime (300 g m −2 ). The litter samples were collected on day zero and on the sixth and twelfth days after the start of fallowing. The use of quicklime alone or quicklime + tarping was more effective (P < 0.05) in reducing bacteria when compared to litter tarping. Except for the control group, all treatments resulted in a more than 84% reduction in the count of colony-forming units (CFUs) at the end of fallowing. It is concluded that the use of quicklime alone in practical terms is the most indicated treatment for the reduction of the bacterial load of poultry litter.
INTRODUCTION
Poultry litter can be renewed every cycle or reused by multiple broiler batches (Chinivasagam et al., 2012; Roll et al., 2011) . Reuse is a practice adopted to reduce production costs and to increase the amount of nutrients present in the substrate for subsequent use as fertilizer in agriculture, thereby reducing the environmental impact of poultry (Terzich et al., 2000) . In the Brazilian poultry industry, the most common methods of litter treatment in the broiler aviary during the sanitary interval are tarping and the use of quicklime. The cost to adopt each of these practices in the poultry industry is relatively low because of the benefits they offer, with costs in the range of US$ 150.00 for a standard 1,200 m 2 shed (Lopes et al., 2013) . Tarping is not common in all areas of the world and can be performed either by covering the litter windrowed in the center of the poultry house or simply by covering it without windrowing. Tarping must be performed in strict accordance with the following steps: 1) after harvesting the flock, a fallowing (fallowing is a standard procedure that is done after depopulation, with cleaning and disinfection of flocks carried out in 15 to 20 days) of at least 18 days must be scheduled, C 2015 Poultry Science Association Inc. Received March 2, 2015. Accepted May 9, 2015. 1 Corresponding author: roll98@ufpel.edu.br which is the appropriate time to perform all the steps without compromising the method; 2) raise up or remove equipment from the facility; 3) burn the feathers using a flame thrower; 4) remove all cakes; 5) cover the litter throughout the house for at least 12 days. After this time, the plastic cover must be removed, cleaned, disinfected, and kept in an adequate place to be used in the next flock (Dai Prá and Roll, 2012) .
In-house composting has been reported as an effective method for reducing bacterial numbers; it increases the internal temperature of the litter to 50
• C or more for at least 24 h (Dumontet et al., 1999; Macklin et al., 2008) .
Conversely, no references were found that explained how tarping without windrowing reduced the bacterial load. The present authors hypothesized that the increase in the internal temperature in a litter throughout the downtime might have some bactericidal effect. However, the temperature reached during this process is not high enough to kill most microorganisms. Perhaps the temperature and moisture retained increase the amount of ammonia generated, and this increase in ammonia could reduce the bacterial levels of the litter.
However, the reuse of a litter in successive batches may hinder environmental disinfection and change the microbiological quality of the production system (Lopes et al., 2013) . This can contribute to a prevalence of harmful microorganisms in the environment, such as Enterobacteriaceae, Staphylococcus spp., Campylobcter spp., and Clostridium spp. (Stringfellow et al., 2010; 2094 Downloaded from https://academic.oup.com/ps/article-abstract/94/9/2094/1571226 by guest on 25 January 2019 Roll et al., 2011) . In a study by Kwak et al. (2005) , 31 different genera of bacteria were found in poultry litter, with 82% being gram-positive, mainly Lactobacillus spp. and Salinococcus spp., but also some Clostridium spp., Staphylococcus spp., and Bordetella spp. As a result, different handling practices have been used to reduce the moisture and pathogen levels in poultry litter (Cook et al., 2011) . Substances such as calcium oxide (Lopes et al., 2013) , calcium hydroxide (Lucca et al., 2012) , agricultural gypsum (Santos et al., 2010) , aluminum sulfate (Ferreira et al., 2004) , and Bacillus subtilis (Roll et al., 2008) have been added to litters to reduce Enterobacteriaceae. In much of Brazil, owing to the ease of handling, the use of canvas to cover litters throughout aviaries is the most commonly used method in aviaries with free interspace.
Similarly, quicklime has long been used to treat litters (Halbrook et al., 1951; Ruiz et al., 2008; Stringfellow et al., 2010) , mainly in sheds with center poles because it reduces the activity of water (Aw) and increases the pH level, which are two important factors in the control of pathogens in litters (Lopes et al., 2013) .
However, to handle a litter correctly, any feathers present must be removed and burned before application of the treatments, and a fallow period of at least 15 days between batches must be allowed (Dai Prá and Roll, 2012) . The aim of this study was to verify the effectiveness of the most commonly used litter treatment methods in the Brazilian poultry industry to reduce pathogenic bacteria.
MATERIAL AND METHODS
The study was conducted at the Poultry Farm of the Laboratory of Teaching and Research of the Federal University of Pelotas (UFPel), Brazil.
The experiment was carried out with 384 Cobb broiler chickens. The birds were randomly allotted to 32 experimental pens of 1 m 2 each at a density of 12 birds m −2 . The pens each contained 10 cm of pine shavings.
A completely randomized design, with 4 treatments and 8 repetitions, was used. Treatments were applied to the experimental units after the departure of the birds during fallowing and lasted 12 days. The 4 treatments were as follows: T1 no treatment (control), T2 quicklime (300 g m −2 ), T3 tarping, T4 tarping + quicklime (300 g m −2 ). After depopulation, cleaning, disinfection, feather burning, removal of the moist litter that had turned into a cake, leveling, and mixing, tarping was performed with black canvas (Isoplast, Indústria e Comércio de Plásticos Ltda, Maracanaú, CE, Brazil). The tarp covered the entire box surface to prevent oxygen entry and facilitate fermentation. In this process, 100 mL water was sprinkled "on litter" to moisten the medium and facilitate the fermentation process.
In the tarping + quicklime method, 300 g CaO was used per square meter of litter and then mixed with the litter and covered by the canvas.
Sample Collection
Three collections were performed during the fallow period; the first was conducted following bird removal (day 0), and the second and third collections were performed at 6 and 12 days, respectively. Individual aliquots were collected from 5 sample points, with 4 of them located 20 cm from the external wall in each corner and the fifth in the center of each experimental unit corresponding to a treatment. The same points were marked and measured for treatments with tarping; for this, a small cut (5 cm) was made on the canvas for sample collection and subsequently closed with a multipurpose, 48×5 cm black silver tape (Adelbras, Distrito Industrial Vinhedo, SP, Brazil). Samples were packaged in Nasco sterile plastic bags (Whirl-Pak Bag, Fort Atkinson, WI) at a temperature of 4
• C until further and rapid manipulation. The samples (288) were analyzed at the Applied Microbiology Laboratory of UFPel.
Temperature Record
The internal temperature of the litters was measured during the experiment in the 3 main sample-collection periods (0, 6, and 12 days). The internal temperature of the litters was checked with a metal rod digital thermometer, which was placed for 4 min inside the litters 4 cm below the surface. In avian litters whose treatments contained canvas, the temperature was measured by inserting the same metal rod through an opening of 5 cm in the canvas center and in the center of the box. Soon after the temperature reading, the canvas was sealed with adhesive tape (48×5 black silver tape, Adelbras).
Microbiological Analysis
To perform the microbiological analyses, litter samples were removed from 5 internal points of the boxes for later homogenization and packaging, forming a sample pool for treatment. For the processing of each sample, a 1 g aliquot was used to determine the microbial count. This aliquot was diluted in 9 mL of sterile distilled water, and from this a serial dilution was made. An aliquot of 100 μL was sown onto the surface of the culture medium and spread on Petri plates with a Drigalski loop. For cultures in Brain Heart Infusion Agar (BHI) (Acumedia, Neogen do Brasil, Distrito Industrial João Narezzi, SP, Brazil) medium, the inoculum dilution was 10 −7 , for MacConkey (Acumedia) medium 10 −6 , and in the Chapman (Acumedia) medium 10 −6 . Aliquots were sown in triplicate in the 3 culture media and incubated at 37
• C for 24 h; after this period, the colony-forming units (CFU/mL) were counted. To assess the total number of bacteria, the growth in BHI medium was considered; Staphylococcus spp. were grown in Chapman medium, and Enterobacteriaceae were grown in MacConkey medium.
Statistical Analysis
Four litter treatments were randomly assigned to the pens according to a completely randomized design. The experimental units were the pens, and each pen was observed at equally spaced time intervals 3 times every 6 days.
The corresponding statistical model for this experiment was y ijk = μ + α i + d j(i) + T k + (αT) ik + E ijk , where α i , T k , and (αT) ik are fixed effects of treatment i, time k, and their interaction, respectively, d j(i) is the random effect associated with the jth pen in treatment i, and E ijk is the random error associated with the jth pen in treatment i at time k.
We used the repeated statement in proc mixed (SAS Institute Inc., 2008) with a compound symmetric covariance structure. To choose the covariance structure, we used Akaike's information criterion (AIC). If significant differences were detected at P < 0.05, then the means were separated using Tukey's Kramer multiple comparison test. Table 1 shows that, regardless of the cultivation medium used, there was a significant reduction (P < 0.05) in the number of bacteria CFUs in the litter with the application of treatments at the end of the fallow period compared to the control group; the one exception was the tarping treatment for the bacteria that grew in the Staphylococcus spp. cultivation medium.
RESULTS AND DISCUSSION
The quicklime method, using an isolated application or in combination with tarping, showed numerically greater proportional reduction in the logarithmic units of CFUs of total bacteria, compared to using only tarping on poultry litter (32, 34, and 23%, respectively) and a significant reduction (P < 0.05) of Staphylococcus spp. (75, 70, and 29%, respectively) at 12 days of treatment.
A possible explanation for the reduction in the number of bacteria is the combination of CaO with water, forming Ca(OH) 2 , which promoted the reduction in both moisture content and the activity of water in the poultry litter (Ferreira et al., 2004; Ahn et al., 2008) . Corroborating this statement, Dai Prá et al. (2009) tested different doses of quicklime in poultry litter and found that from 300 g m −2 of CaO, there was a significant reduction of 2.75% in water activity, which contributed to the reduction of Salmonella spp. and Clostridium spp. On the one hand, quicklime promotes a significant increase in the pH of litter 1 day after application, with a residual effect that may last up to 10 days after it is mixed into the litter (Ruiz et al., 2008) . On the other hand, pH is an indicator of separable electrons and can be manipulated up or down in a way that hinders the ability of pathogenic bacteria to multiply (Tiquia and Tam, 2000) .
However, the lower effectiveness of tarping without the addition of quicklime can be explained by the presence of the canvas tarp, which may have helped to reduce moisture loss for the medium, thereby favoring the maintenance of microbial activity in poultry litter. This finding agrees with Macklin et al. (2006) , who verified that no significant differences occurred in most treatments with canvas between the beginning and the end of the evaluation period with regard to the moisture content of poultry litter.
In the same period, except for the control group, all treatments achieved more than 84% reduction in logarithmic units in CFUs of Enterobacteriaceae. Similarly, Lopes et al. (2013) applied 300 g m −2 in different types of poultry litter during the fallow and observed a 92.1% reduction in CFUs of Enterobacteriaceae. The reduction of Enterobacteriaceae by the tarping method compared to the control group (P < 0.05) may be due to the effect of ammonia produced by poultry litter during decomposition.
Evaluating the persistence of pathogens in poultry litter composting piles, Hahn et al. (2012) observed a NH 3 accumulation near the contact surface with polyethylene used as coverage. The strong germicidal power of ammonia can inhibit microbial activity (Kwak et al., 2005; El Kader et al., 2007) , which may explain the significant reduction in the number of bacteria in poultry litter independent of the cultivation medium used.
With regard to the temperature of the poultry litter during the application of the treatment methodstarping and tarping in combination with quicklime-we found similar trends with a nonsignificant (P > 0.05) variation from 24.4 to 34.7
• C and 24.9 to 36.4
• C during the fallow period, respectively (Figure 1) . Although total bacteria, staphylococci, and enterobacteria were reduced at the end of the fallowing, the presence of other microorganism decomposers of poultry litter that were not evaluated in this study may have contributed to the rise of temperatures during the period. However, comparing the studies of Kwak et al. (2005) and Macklin et al. (2008) , which were verified during the fallowing temperatures of 62
• C and 50 • C, respectively, it is suggested that the height of 0.10 m of poultry litter did not allow the proper development of thermophilic microorganisms in biomass. The lowest temperature reached in the present experiment can be explained by the fact that other authors performed tarping of piles with more substrate volume, using the dimensions 1 × 1.2 × 1 m and 1.5 × 0.9 × 0.7 m, respectively. Valente et al. (2009) stated that a minimum height of 0.80 m must be used; below that height there are no suitable conditions for the formation and maintenance of the temperature of the litter owing to thermophilic bacterial action.
The tarping and tarping + quicklime methods showed higher temperatures (P < 0.05) than control and quicklime treatments from day 6 to day 12. Conversely, one can verify that the temperatures of the control treatment and the quicklime treatment did not differ (P > 0.05) but remained practically constant throughout the fallowing period (Figure 1 ). The results demonstrate the importance of moisture and water activity for the growth and development of microorganisms in poultry litter. Hills et al. (1997) state that, with a decrease in water availability, microorganisms will require more energy to take water from the litter for their metabolism, impeding or making more difficult their survival.
In conclusion, the results of this study show that the application of quicklime, alone or in combination with tarping, has better effects on Enterobacteriaceae compared with litter tarping. The application of quicklime, tarping, or the combination of these two treatments are all effective at reducing the logarithmic count of Enterobacteriaceaa CFUs by at least 84% at the end of 12 days of fallowing. However, because of the cost and simplification of management, the isolated use of quicklime has emerged as the most indicated treatment for the reduction of the bacterial load of poultry litter during fallowing.
